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Several forms of N-salicylideneglycinato-aquo-copper (11) 

were syathesized. These complexes were found to be the same in 

structure except for combining with water. Carbonyl compounds 

react ratner easily w i t h  these complexes to form N-salicyliden 

3i.ydroxy amino acid copper complex under conditions of aqueous 

sc.,.~e-on, ut room temperature ( 2 5 "  - 1') and at neutral to weakly 

c i , X C A  &i-,<: ,,:!. A n ~ ~ ~ , i ' i i r i e ,  B-phenylserine, B-hydroxyaspartic acid, 

+ 
m' 

;ezir.c w c c e  syntnesized. The yields dependent on reaction 

L ~ c . 2  a ~ a  tne r a t i o s  of tnreo and erythro isomers were studied. 

,iic zeacc isns  are similar to those non-enzymatically catalyzed 

i- 

i' 
tt 

\ 

r-,' 

E;/ syz- idoxai  and the complexes could be regarded as the benzene 

dnci;o<;~es of pyridoxal-amino a c i d  complexes. 

h 
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L.c -;la$ ~ e s - 1  Soimd that many naturally occurring enzymes 

contain pyridoxal-5-phosphate as a coenzyme&( 

reactions catalyzed by pyridoxal or pyridoxamine have been 

studied extensively by Metzler and Snell?! 

Nonenzymatic 

The chemistry of 

pyridoxal was reviewed by Snell?( Westheimeri! and Braunstein-. 5/ 

Aldimines (I) are formed from pyridoxal with amino acids, and 

t h e i r  metal chelating compounds will be illustrated as (11) in 

/”. 
hC “il M 

_____t 

HOH 

T 
I 

H 

Fig. 1 

I1 

Z’Same of the pyridoxal-containing enzymes are amino acid decar- 
boxylase, transaminase, tryptophanase, kynureninase, tyrosinase, 
serine deaminase, cysteine desulfhydrase, and hydroxyamino acid 
aldolase. 

?’a) E . E. Snell, Special Lectures in Biochemistry, pp. 1-16, 
University College, London. H. K. Lewis, Distributors (1954- 
1955). 

5 )  Vitamins and Hormones, 16, 78 (1960). 
c)  Chemical and Biologicalxspects of Pyridoxal Catalysis, ed. 

E. E. Snell, P. M. Fasella, A. Braunstein, and A. Ross1 
Fanelli, p.  l. The Macmillan Company, New York, 1963. 

- 4/r. H. Westheimer, The Enzymes, ed. P. D. Boyer, H. Lardy, and 
I(. XyrSacu, Vo:. i, p. 259, Academic Press, 1959. 

Z’A. Z ,  Draunstezn,  ibld., Vol 2 ,  p. 113, Academic Press, 1960. 

L 
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5.: 50th structures I and 11, chemical bonds a, b, and c 

combined with the a-carbon atom of the amino acid could be 

weakened by the aldimine forrrtation. In structure I, bond b 

might be the weakest and decarboxylation might take place. On 

the other hand, in structure 11, the carboxyl group could be 

stabilized by the formation of a chelate, and bond c could be 

weakened. Metzler, Longenecker, Ikawa, and Snell- 7/reported the 

r e v e r s i b l e  catalytic cleavage of B-hydroxy-a-amino acids using 

pyridoxal arid metal ions by heating in aqueous solution. These 

xonenzymatic reactions catalyzed by pyridoxal seem to be similar 

,n reactiGn mechan;siri to those catalyzed by enzymes which contain 

3.,,rlc(-Jy r b . L  z. 1 as a coenzyme. Ikawa and Snellg’have studied the 
L *  

C.-,C~-~ZUI ?roperties of benzene analogs of pyridoxal with amino 

G L A L ~ .  . ,. - 3 e y  foc;nC 4-nicrosalicyaidehyde simulates pyridoxal in 

its I S ~ C C ~ G C S  with several amino acids. 4-Nitrosalicylaldehyde 

catalyzes the dehydration of serine, the desulfhydration 05 

c y s t e i n e ,  ana the splitting of threonine to glycine as pyridoxal. 

ir. eacl i  sf t h e s e  reactions metal ions were found to be necessary. 

i ~ ~ w e v e r ,  s a l i c y l a l d e h y d e  was found to be ineffective. 

In this investigation, N-salicylideneglycinato-aquo-copper 

(111, which could be recognized as a benzene analog of pyridoxal- 

amino-metal complex (II), illustrated in Fig. 1 (R = HI, was 

prepared. By the use of the N-salicylidenglycinato-copper (11) 

- ‘ID. E. Metzler, J. B. Longenecker, and E. E .  Snell, J. Am. Chem. 
Soc., - 75, 2786 (i953); ibid., - 76, 6 3 9  (1954). 
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complex, t h e  s y n t h e s e s  of various 6-hydroxy a-amino a c i d s  have  

been s t u d i e d .  

The complex was f i r s t  p r e p a r e d  i n  s o l u t i o n  by  E i c h h o r n  and 

I n  t h e i r  s t u d y ,  t h e  c o o r d i n a t i o n  o f  c o p p e r  (11) i o n  Marchand/ 

t o  the S c h i f f  b a s e  formed from g l y c i n e  and  s a l i c y l a l d e h y d e  

r e s u l t e d  i n  a s t a b i l i z a t i o n  of t h e  S c h i f f  base which would 

h y d r o l y z e  i n  the a b s e n c e  o f  a m e t a l .  R e c e n t l y  Nakahara- l o /  syn-  

thesized t h e  complex i n  a c r y s t a l l i n e  s t a t e  and h e  i n v e s t i g a t e d  

t h e  complex s p e c t r o s c o p l c a l l y .  Nakahara c o n c l u d e d  t h a t  t h e  c o m -  

piex is t h e  c o 2 p e r  (11) c h e l a t e  of N - s a l i c y l i d e n e g l y c i n e  and 

the structure i s  the same a s  p o s t u l a t e d  by E i c h h o r n  and  Marchand- 9/ 

a n a l y t i c a l l y  ar,d s p e c t r o s c o p i c a l i y  as i l l u s t r a t e d  below ( S t r u c t u r e  

R-CHO 
pH 7-8 * 
H- 0 
240 

H 
O H  

R- c- I I  c - q o  

A /  /" 

1x1 IV 

Fig. 2 

/ G .  L .  E ichhorn  and  Ei. D. Marchand, J.  Am. Chem. SOC., 78, 2688  - 
619563.  
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Nakahara  p r e p a r e d  t h e  complex i n  an a c i d i c  aqueous  s o l u t i o n  

and o b t a i n e d  a ye l low-green  complex ( c r y s t a l  A - 1 ) .  However, when 

w e  p r e p a r e d  t h e  complex u n d e r  n e u t r a l  o r  weakly  a l k a l i n e  c o n d i t i o n s  

(p'ri 7 . 5 - 8 . 0 ) ,  d i f f e r e n t  c o l o r e d  complexes  were o b t a i n e d .  When 

t h e  r e a c t i o n  m i x t u r e  was a t  pH 8 ,  d a r k  b l u e  c r y s t a l s  ( c r y s t a l  A - 2 )  

w e r e  o b t a i n e d .  These  were r e c r y s t a l l i z e d  from water and e t h a n o l  

and b l u e - g r e e n  c r y s t a l s  w e r e  o b t a i n e d  ( c r y s t a l  A - 3 ) .  C r y s t a l  A-3 

was a g a i n  r e c r y s t a l l i z e d  from t h e  same s o l v e n t  and  d a r k  g r e e n  

c r y s t a l s  w e r e  o b t a i n e d  ( c r y s t a l  A-4). C r y s t a l  A-4 seems to  b e  

a s t a b l i e  form i n  t h e  r e c r y s t a l l i z a t i o n  s o l v e n t  sys t em and the 

co lo r ,  c r y s t a l l i n e  form, and  i n f r a r e d  a b s o r p t i o n  s p e c t r a  do  n o t  

change  by f u r t h e r  r e c r y s t a l l i z a t i o n .  Accord ing  t o  t h e  v i s i b l e  

and long u i t r a v i o l e t  a b s o r p t i o n  spectra of t h e s e  f o u r  complexes  i n  

s o c i i L m  hydrogen  c a r b o n a t e  s o l u t i o n s ,  t h e y  w e r e  t h e  same and showed 

c L c s c r 2 t i a n  inaxiina a t  6 6 7  mu and a t  350 m u .  T h i s  s u g g e s t s  t h a t  the  

conplexes have  t n e  same s t r u c t u r e  and a r e  d i f f e r e n t  i n  how t h e y  

c=GiT,Zrrie with water  i n  q u a l i t y  o r  i n  i t s  amount. Q u a n t i t a t i v e  

~.-.al:/ses ai giycine i n  t h e s e  complexes w e r e  c a r r i e d  o u t  by t h e  use 

si crLe a u t o m a t i c  amino a c i d  a n a l y z e r  a f t e r  d e c o m p o s i t i o n  of c o m -  

i)lexes by h y d r o c h l o r l c  a c i d .  These r e s u l t s  i n d i c a t e  t h e  p o s s i b l e  

xolecular f o r m u l a s  of complexes  A-1 ,  A -2 ,  A - 3 ,  and A-4 which  a r e  

5 h O W I  i n  T a b l e  I.  
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TABLE I 

P o s s i b l e  M o l e c u l a r  F o m u l a  of 

N-Salicylideneglycinato-aquo-Cu (11) 

Mol. w e i g h t ,  P o s s i b l e  m o l .  Ca lcd .  m o l .  
found formula w e i g h t  

- ~ _ _  ~ ~~ ~ 

A-1 ye l low-green  282.7 CgH7N03Cu.2 H 2 0  276.7 

A-2  darK b l u e  4 0 9 . 4  CgH7N03Cu.8 H 2 0  402.9 

A - 3  blue-green 3 5 0 . 7  CgH7N03Cu.5 H 2 0  3 4 8 . 8  

A - 4  dark green 276.7 CgM7N03Cu. 2 HzO 276.7 

- - 

The r e a c t i o n s  of t h e  complexes w i t h  c a r b o n y l  compounds were ' 

c a r r i e d  o u t  u n d e r  c o n d i t i o n s  s imi l a r  t o  p h y s i o l o g i c a l  c o n d i t i o n s :  

aqiieous solution a t  pH 7 . 0 - 8 . 0  and a t  room temperature (25O 1') 

(?iq. 2 j .  A c e t a l d e h y d e  and  t h e  complex r e s u l t e d  i n  a mixture  of I 

i. 

X-saiieylicen Cu (iI) complex of t h r e o n i n e  and  of g l y c i n e .  

SSserved results of  t h e  t h r e o n i n e  s y n t h e s e s  are  summarized i n  

T h e  resLtits S ~ G W  t h a t  complex A-4 i s  more r e a c t i v e  t h a n  ?7-.,-? ,is 
10.. A 

A-i and the y i e l d  of ( t h r e o n i n e  and a l l o t h r e o n i n e )  r e a c h e d  almost 

9 0 %  b a s e d  on t h e  s t a r t i n g  complex, A-4. The r a t i o s  of t h r e o n i n e  

and a l l o t n r e o n i n e  were measu red  c o l o r i m e t r i c a l l y  by a Beckmann- 

Spinto A n a l y t r o l  a f t e r  paper chromatography-. The r a t i o s  of 11/ 

t h r e o n i n e  and a l l o t h r e o n i n e  i n  t h e  p r o d u c t s  were i n  a r e l a t i v e l y  

narrow r a n g e  i n  a l l  r e a c t i o n s ,  t h r e o n i n e  3 1 - 3 4 % ,  a i l o t h r e o n i n e  

6 6 - 6 9 8 .  From t h i s  r e a c c i o n  m i x t u r e ,  a l l o t h r e o n i n e  w a s  i so l a t ed  
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* TABLE ;I 

Format ion  o f  Threon ine  

A- 1 A- 4 

R e a c t i o n  Thr  , %a/ Gly , %q ( Y i e l d )  Thr,%g’ G l y , % a /  ( Y i e l d )  
t i m e ,  h r  Thr  , O b /  T h r ,  8- b/ 

~ ~ ~- ~~ ~~~~~ ~~ ~ - 

24 60.7 39.3 (56.3) 95.6 4.4 (84.3) 
48 62.2 37.8 (58.5) 97.7 2.3 (87.5) 

72 63.5 36.5 (55.8) 95.5 4.5 (89.2) 
3 6  63.9 36.1 (52.8) 97.7 2.3 (79.1) 

L L G  65.2 34.8 (51 .3)  97.2 2.8 (72.8) 

g i ~ x i n c  acid c o m p o s i t i o n s  of t h e  r e a c t i o n  m i x t u r e  are  shown 

C’Caiculated y i e l d s  a r e  based on t h e  s t a r t i n g  complexes  A-1 

i n  z io l a r  p e r c e n t .  

a n a  A - 4 .  

I n  a s i m i l a r  way, p h e n y l s e r i n e  f o r m a t i o n  from complex A-1 and  

A-4 b7iti; benza icehyde  w a s  s t u d i e d  unde r  s i m i l a r  c o n d i t i o n s .  Summar- 

i ~ e d  r e s ~ i t s  are listed i n  Table 111. 

TABLE I11 

FoLmation of f3-Phenylser ine 

A- 1 A- 4 
- 

R e a c t i o n  P h e - s e r ,  3 Gly , % ( Y i e l d )  P h e - s e r  , % G l y ,  % ( Y i e l d )  
t i m e ,  h r  Phe - se r ,  % 

b/ 

- 
- a/ P h e - s e r , %  

b/ 

24 42.7 57.3 (38.9) 54.2 45.8 (42.5) 

48 45.2 54.8 (42.5) 59.2 40.8 (45.1) 

A’Amino a c i d  c o m p o s i t i o n s  of t h e  r e a c t i o n  p r o d u c t s  are 
expressed in molar p e r c e n t .  

.- ’ /\!i<.;ds i r e  c d l c u l d t e d  b a s e d  on t h e  s t a r t i n g  cornplexes A - l  
dad A-4 .  
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The r a t i o s  of threo- and erythro-phenylserine of the product 

were measured colorimetrically after paper chromatographic 

separation9 A larger amount of threo-phenylserine was synthesized 

in the reactions: A-1, threo 77.4-82.28, erythro 22.6-17.8%; 

A-4, threo 79.2-84.1%, erythro 20.8-15.9%. From the reaction mix- 

ture, pure threo-phenylserine was isolated (see Experimental section). 

B-Hydroxyaspartic acid was prepared from the complexes and 

~ , l y c J x y l i c  acld. In this reaction, however, refluxing conditions 

w e r e  em2loyed .  P r o d u c t s  were analyzed to determine t h e  yields and 

LLL-.G acrd compositions of the products by an automatic amino acid 

a n a l y t e r .  Tabie fV shows the summarized results of B-hydroxyaspartic 

Synt?,2s is  of serine from the complexes was studied. The yield 
- 

se . - lne  & I however ,  was found to be very low under the reaction con- 

d i t i G 2 S  ( 9 ~  7-8, at room temperature in aqueous solution). Summar- 

ize< re;Lits are snown i n  T a b i e  V. 
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TABLE IV 

Formation of B-Hydroxyaspartic Acid 

Amino acid composition of 
the reaction product!?/ 

React ion (Yield) 
(min .  of B-OH-Asp,% Threo-6-OH-Asp Erythro-~-OH-Asp Gly 
refluxing) - a/ % % 

--. 

10 4 9 . 4  4 3 . 0  2 4 . 5  3 2 . 5  

1 0  (wlth- 5 0 . 6  
out 

N a i i  CO ) 

4 2 . 9  2 3 . 3  3 3 . 8  

.! 5 5 0 . 9  4 2 . 9  2 3 . 5  3 3 . 6  

60 2 8 . 4  2 9 . 3  1 3 . 2  57.5 

dCalculated yields are based on the starting complex A-4. 

g/~;r,;r,o acid compositions of the reaction mixtures are 
cxFiessjed i n  molar percent. 

TABLE V 

Formation of Serine 

1 2 0  4 . 7  9 5 . 3  (1.1) 

%/Rnino acid compositions of the reaction products are 

&/Calculated yields are based on the starting complex A - 4 .  

expressed in molar percent. 
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13/ EXPERIMENTAL- 

x-Salicylideneglycinato-copper (11) - N-Salicylideneglycinato- 
copper (11) complex (A -1 )  was prepared by the same method described 

by Nakahara, and a yellow-green complex was obtained. 

Other preparations of the complex are as follows: glycine, 

7.50 g (0.10 mole), and sodium hydroxide, 8.0 g (0 .20  mole), 

were dissolved in 30 ml of water and the temperature brought to 

4 L o .  Ts this solution, 12.0 ml (0.1 mole) of salicylaldehyde in 

10 ml of ethanol was added. Then a hot solution of 19.9 q <  (0.1 

moie) cupric acetate monohydrate in 80 ml of water was added to 

the reaction mixture. After 10 minutes of agitation, a mixture 

of e t h a n o l  (120 ml) and ether (120 ml) was added to complete the 

-'L7 pLtc;prtation. After one hr of standing at room temperature, the 

srccr9,tated crystals were filtered. Yield, 29.0 g ( 7 1 . 9 % ) .  The 

er-yscais  w e r e  dark b l u e  (crystal A-2). These crystals ( A - 2 )  were 

r e c z y s t a l i ~ z e d  from water and ethanol (1:l) and biue-green crystals 

w s r e  oataimed (crystal A - 3 ) ,  yield 21.1 g (60.3%). Crystals (A-3)  

wzre recrystallized again from water and ethanol (1:2) and dark 

green crystals were obtained (crystal A - 4 ) ,  yield 13.4 g ( 4 8 . 3 % ) .  

Elemental analysis of A-4 is as follows: 

Anal. Calcd. for C9E11NOCCu. ( 2  H Z O ) :  C, 39.06; 13, 4.01; 
3 

N, 5.06. Found: C, 3 9 . 1 8 ;  H, 3.90; N, 5 . 0 7 .  

The glycine content of these complexes, A - 1 ,  A - 2 ,  A-3, and 

A-4 was measured. A known amount of these complexes was decomposed 
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w i t h . 1  N h y d r o c h l o r i c  acid and  t h e  s o l u t i o n s  were a p p l i e d  t o  t h e  

Phoen ix  K-5000 a u t o m a t i c  amino a c i d  a n a l y z e r  t o  d e t e r m i n e  g l y c i n e  

con t e n t  . 
V i s i b l e  and l o n g  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  o f  A - 1 ,  A-2, 

A - 3 ,  and A-4 w e r e  measured .  Each of t h e  complexes  ( 5 . 0  m g )  w a s  

d i s s o l v e d  i n  1 0  m l  of water c o n t a i n i n g  8 4  mg of sodium hydrogen  

c a r b o n a t e .  A b s o r p t i o n  maxima: 667 mv and 350 mu. 

' I 'hreonine and a l l o t h r e o n i n e  - Complexes ( A - 1 )  and  ( A - 4 1 ,  64 m g  

eacn, 2 5 0  umole, w e r e  suspended  i n  4 m l  of water  and  84 mg of 

s o c i l ; ~ ~  hydrogen  cc l rbonate  and  0 . 4  ml of a c e t a l d e h y d e  were e a c h  

z 6 c . 3 ~  ta t n e  s u s p e n s i o n s .  The m i x t u r e s  were shaken  f o r  24,  4 8 ,  

7 2 ,  5 6 ,  and 1 2 0  n r  a t  r o o m  t e m p e r a t u r e  (25O) .  Then 1 m l  of 6 N 

. - ~ y a r o c h i o r i c  a c i d  w a s  added t o  each of t h e  samples  t o  decompose 

e5e copper complex, and  t h e  r e s u l t i n g  amino acids w e r e  a n a l y z e d  

by the &xino a c i d  a n a l y z e r .  R e s u l t s  are summarized i n  Table 11. 

T h r e o n i n e  and a l l o t h r e o n i n e  were resolved by p a p e r  chromato-  
. L A .  z 2 L /  

3 z L -2 1.y . After s t a i n i n g  w i t h  n i n h y d r i n ,  t h e  color  d e n s i t y  

f was n e a s u r e d  by a Beckman-Spinco A n a l y t r o l  i n t e n s i t o m e t e r .  R 

v a l u e s  of amino ac ids  are as f o l l o w s :  t h r e o n i n e ,  0.54; a l l o t h r e o -  

n i n e ,  0 .41 ;  g l y c i n e ,  0 .15.  

Isolation of a l l o t h r e o n i n e  - Complex A-4 ( 2 . 7 6  g ,  0 . 0 1  m o l e )  

w a s  suspended  i n  1 2 0  m l  of wa te r  and 3 . 3  g of sodium hydrogen  

c a r h o n a t e  and 1 6  ml of a c e t a l d e h y d e  w e r e  added .  T h i s  m i x t u r e  w a s  

sr.c?~~.~.-. f o r  2 4  2," zt m o x  t e x p e r a t u r e .  A f t e r  r e a c t i o n ,  the excess 

~ C ~ L c i i d e ~ i y G e  w a s  removed i n  vacuo.  T h i s  r e a c t i o n  m i x t u r e  was - 



* - 11 - 
* 

c 

a c i d i f i e d  w i t h  6 N h y d r o c h l o r i c  a c i d .  Then t h e  l i b e r a t e d  s a l i -  

c y l a l d e h y d e  w a s  extracted w i t h  e t h e r .  The aqueous  s o l u t i o n  w a s  

c o n c e n t r a t e d  t o  d r y n e s s  i n  vacuo.  The r e s i d u e  w a s  e x t r a c t e d  w i t h  

a b s o l u t e  e t h a n o l .  The r e s u l t i n g  sodium c h l o r i d e  w a s  removed by 

f i l t r a t i o n .  E t h a n o l  was removed u n d e r  r e d u c e d  p r e s s u r e .  The 

- 

r e s i d u e  w a s  d i s s o l v e d  i n  5 m l  of water, t h e n  a p p l i e d  t o  a column 

of Bowex 50  x 2 ( H - f o r m ,  1 0 0 - 2 0 0  mesh, 2 x 20  cm) and washed w i t h  

water t o  n e u t r a l i t y ,  t h e n  e l u t e d  w i t h  1 N ammonia. The e f f l u e n t  

was e v a p o r a t e d  i n  vacuo and  t r e a t e d  w i t h  a c t i v e  c a r b o n .  T h i s  - 
s o l u t i o n  was a g a i n  c o n c e n t r a t e d  and 9 5 %  e t h a n o l  w a s  added.  A f t e r  

S e i z g  k e ? t  i n  a r e f r i g e r a t o r  o v e r n i g h t ,  the c r y s t a l s  were f i l t e r e d .  

r7'  ye c r y s t a i s ,  450  m g  ( 3 8 % ) ,  were r e c r y s t a l l i z e d  from water and  

er?,ano; C r i r e e  t i m e s .  Y i e l d ,  3 4 0  mg ( 2 9 % ) .  mp 239"  d e c .  By p a p e r  

c z r m a - c o y r a p n y ,  t h e  c r y s t a l s  w e r e  i d e n t i f  l ed  as  a l l o t h r e o n i n e  

C G ; ; Z ~ , T I ~ ~ ' ~ Y  t r ace  amounts  of g l y c i n e .  Comparison of t h e  i n f r a r e d  

S ~ ; C ~ T L L T  tne  a l l o t h r e o n i n e  agreed w i t h  a u t h e n t i c  a l l o t h r e o n i n e  

in aDt ;o rp t ion  maxima. 

A n a l .  Caicd .  f o r  C4HgNO3: C ,  4 0 . 3 3 ;  H ,  7 . 6 2 ;  N ,  11.76 .  

Found: C ,  40 .31;  H I  7 . 3 6 ;  N ,  11.90. 

three.- and e r v t h r o - P h e n y l s e r i n e  - The complexes  ( A - 1 )  a n d  ( A - 4 1 ,  

( 6 9  m g  e a c h ,  2 5 0  mole ) ,  were suspended  i n  a m i x t u r e  of 3 ml water 

and 3 ml 9 5 %  e t h a n o l .  T o  t h e s e  w e r e  added  8 4  mg of sodium b i c a r b o n -  

( i t e  and  0 . 7 5  m l  of benza ldehyde .  These  m i x t u r e s  were shaken  for 

2 4  kr and 4 8  h r  a t  room t e m p e r a t u r e .  6 N H y d r o c h l o r i c  a c i d ,  1 m l ,  

X U L  a a ~ e 2  t~ ' c 7 . i ~ ;  rracclcin mixture  t o  decompose t h e  c o p p e r  complex. 
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--- - h r r o -  and  e r y t h r o - P h e n y l s e r i n e  w e r e  r e s o l v e d  by p a p e r  chroma- 

i i  t o g r a p h y -  . The c o l o r  d e n s i t y  w a s  measured  a f t e r  s t a i n i n g  w i t h  

n i n h y d r i n  by a Beckman-Spinco Analy t ro l  i n t e n s i t o m e t e r .  Rf Values  

of amino ac ids  a r e  a s  f o l l o w s :  t h r e o - p h e n y l s e r i n e ,  0 . 4 2 ;  e r y t h r o -  

p h e n y l s e r i n e ,  0 . 2 7 ;  g l y c i n e ,  0 .12.  R e s u l t s  are summarized i n  

T a b l e  111. 

I s s i c i t l o r ,  of t h r e o -  and e r v t h r o - p h e n y l s e r i n e  - Complex A-4 

( 2 . 7 6  y, 0 . 0 1  mole) was suspended  i n  a m i x t u r e  of 6 0  m l  of water and  
-__---- 

,.: .-;.: GZ 99% ethanol. T o  t h i s  w a s  added  3 . 3  g o f  sodlum hydrogen > 

; ' ~ T X I G ~ ~ C  and 2 3  m l  of benza ldehyde .  The m i x t u r e  was shaken  f o r  

~ 1 :  cAit roox t e m p e r a t u r e .  The r e a c t i o n  m i x t u r e  w a s  a c i d i f i e d  w i t h  

2 A ~ y d r ~ c h l o r i c  a c r a .  The s a l i c y l a l d e h y d e  and  e x c e s s  benza ldehyde  

x c r L  e~: t r ,c ted w i t h  e t h e r .  The aqueous  s o l u t i o n  w a s  e v a p o r a t e d  t o  

L ~ y ~ - - z a s  L.-. ~ T L Z C C I .  The r e s i d u e  w a s  e x t r a c t e d  w i t h  abso lu t e  e t h a n o l  

Z:L iA- iS io ic iD. le  S G ~ ~ L U Y L   hisr ride W ~ S  removed by f i l t r a t i o n .  The 

-_I_ 

- 1  

ci,c s o l t i t i o n  w a s  e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  w a s  d i s -  

3;iv?c i.7. 5 XI; of water and  t h i s  was a p p l i e d  t o  a column o f  Dowex 

52 x L ('7-form, i00-200 mesh, 2 x 2 0  cm). The column w a s  washed 

w i t h  w a t e r  u n t i l  t h e  e f f l u e n t  water became n e u t r a l .  Then t h e  amino 

a c i d  w d s  e l u t e d  w i t h  1 N ammonia. F r a c t i o n s  c o n t a i n i n g  t h e  amino 

a c i d  were combined a n d  c o n c e n t r a t e d  t o  a b o u t  5 m l ,  and w e r e  k e p t  i n  

a r e f r i g e r a t o r  o v e r n i g h t .  P r e c i p i t a t e d  c r y s t a l s  were f i l t e r e d  and  

were r e c r y s t a l l i z e d  from water and  9 5 %  e t h a n o l  t w i c e .  Y i e l d ,  

480 rng ( 2 4 % ) .  m p  195 '  d e c .  

A:c1. Cclicd. f o r  C,H. K 3  C, 5 4 . 2 6 ;  E ,  6.58 ;  N ,  7.03. 
P 1 2  4 '  

- - ,  . . ? ~ < > L . ~ L ~  L, s t , i i ;  L L ~  i.54; ? j g  7 . 3 2 .  
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crystals w e r e  identified as pure threo-phenylserlne 
c 

paper chromatographyc'and by the IR spectrum. 

The mother liquor, from which the threo-phenylserine was 

already removed, was evaporated to dryness in vacuo. This was 

dissolved in 1.4 ml of hot water and 2 ml of hot dioxane was added. 

-- 

Crystallization began after a few minutes. The suspension was kept 

in d refrigerator overnight and the crystals were collected by 

Fiitrdtion. The  crystals were washed with a mixture of water and 

c i o x a n e  (i:l). These crystals, 230 mg (lo%), were recrystallized 

fron water and dioxane three times. Yield, 170 mg (7.+&%). mp 192' 

dec. These crystals were found to be erythro-phenylserine dioxane 

acdiict a n a  d i d  not contain threo-phenylserine. However, they con- 

c -  L a ~ A ~ e d  a s n a l l  an-iount ( 3 % )  of glycine. Comparison of the spectrum 

c/i .. c 'i~ese c r y s t a l s  with the authentic dioxane adduct of ervthro- 

slL.cnylserine showec! no difference. 

1 ::: 3 - a ~ d  2r:Jthro-B-Hydroxyaspartic acid - Complex A-4 (2.76 g ,  - ._- 
.~ __ 
A 8 G  u a o i e j ,  sod iun ;  cjlyoxylate (9.6 rug, 100 pmole), and sodium 

~ y e r o g e r .  c a r b o n a t e  (42 mg) were dissolved in 10 ml of water and 

refluxed f o r  19, 15, and 60 min. These solutions were analyzed 

a f t e r  decomposing the copper complex by hydrochloric acid by the 

m i n o  a c i d  analyzer. Effluent volume of amino acids are as follows: 

tnrec-isomer, 52.5 ml; erythro-isomer, 63.0 ml; glycine, 116.7 ml. 

. .  

Ser ine  - Complex A-4 (69 mg, 250 umole) was suspended in 4 ml of 

LqLzcz, t?.cr! 3 4  .xg of s o d i w t  hydrogen carbonate and 2 ml of 3 5 %  

. -dA , 3 ~ A ~ e i - A y c A e  s~;u t io : - i  were added. These mixtures were shaken for - n  "I- 
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2 4  ri:r,a;;c 1 2 0  h r  a t  room t e m p e r a t u r e .  The r e a c t i o n  p r o d u c t s  w e r e  

a n a l y z e d  by the amino a c i d  a n a l y z e r .  R e s u l t s  a r e  shown i n  Table V.  
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